Introduction
In case of epileptic seizures, pattern recognition is important in the interpretation of video EEG data. However lack of a unified accepted classification system based on pattern recognition is a major drawback in recognition, management and predicting the outcome of PNES. A number of studies have described different components of semiology of PNES [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . However in practice, patients present with combination of features and it is logical to classify PNES based on such combinations. A few authors have made attempts to identify distinct semiologic groups among PNES patients. However there is no uniformity of nomenclature and classification of PNES groups in these studies, although similarities have been identified [2, [12] [13] [14] [15] .
Semiologic classification is sensible in PNES as there are no defining EEG features. A proper semiologic classification will lead to better standardization across the studies and may help in better future understanding of structural and pathophysiologic correlate of this condition. Our aim was to classify patients according to Hubsch et al. classification , as this was an objective classification system based on 22 clinical signs, maximum among the previous studies [15] . We wanted to see whether this system is useful and adequate to study and classify our patients with a different culture and ethnicity or any modification is required.
Methods
We retrospectively reviewed medical records and video EEG monitoring (VEM) records of all patients diagnosed as PNES from June 2010 to July 2013 at the video EEG monitoring unit of Neurology Department, Jawaharlal Institute of Postgraduate Medical Education and Research, Pondicherry, India. This Institute is situated in the southern part of India and caters to a population from all southern states. Patients who were diagnosed to have psychogenic non epileptic seizures (PNES) with or without epilepsy were included in the study. PNES was diagnosed when at least one typical clinical event was captured during the video EEG monitoring (VEM), in the absence of an evolving ictal electro graphic rhythm and a post ictal slowing on EEG [14] . PNES patients with incomplete medical records or VEM data were excluded.
PNES of all patients had been reproduced by suggestion technique and recorded during short term video EEG monitoring lasting 1 h or more. These paroxysmal events were confirmed as the habitual episodes by an eyewitness present during the recordings who had witnessed one or more PNES episodes of that particular patient prior to the recordings. Audio visual and EEG recordings were made using NeonKohden machine at 500 Hz sampling rate and 10/20 electrode placement system. Only one PNES event was analyzed per patient.
Demographic data like age and sex, presence of co-existing epilepsy, family history of epilepsy and history of witnessing a seizure were noted from records. Video segments and EEG of all captured clinical events were reviewed by two epileptologists (PPN & VW) until the details were satisfactorily visualized and tabulated. Types (flexion, extension, rotation, tremors, clonic, myoclonic, hyperkinetic, dystonic, complex movements, and immobility), distribution (head, trunk, limbs, and pelvis), synchrony and symmetry of the movements were noted. Presence or absence of eye opening, responsiveness to verbal stimuli, vocalization, hyperventilation, and fluctuation of signs during the attacks were also recorded. Consistency of PNES types across the patients was analyzed.
Patients were grouped based on the classification system proposed by Hubsch et al. into dystonic attack with primitive gestural activity (tonic movements of the four limbs and primitive gestural activity consisting of grasping, punching etc., altered responsiveness, fine tremor, vocalization or wailing), pauci-kinetic attack with preserved responsiveness (no movement of the trunk, movements limited to a fine tremor usually in a limb or the head), pseudosyncope (short and sudden loss of responsiveness without any vocalization or movement of the trunk. Abnormal movements limited to bilateral myoclonus or bilateral tremor), hyperkinetic prolonged attack with hyperventilation (hyperventilation, partial loss of responsiveness and abnormal movements of fluctuating intensity and various type, involving the limbs and head but sparing the trunk and consisting mainly of tremor and tonic posturing) and axial dystonic attack (various abnormal movements of head and limbs, often with tonic posturing, vocalization and hyperventilation and less frequently tremor, myoclonus and primitive gestural activity) [15] . Those patients whom we could not place in any of these groups initially were kept as unclassified group. The patients of unclassified group were analyzed again to see whether they can be included into any of the groups, if we make minor modification to the original definition of the group characteristics or by themselves form a different group. To decide regarding the modifications, we further compared the semiologic features of PNES patients with that of the groups proposed by Grö ppel et al. [13] , Seneviratne et al. [14] and Szabo et al. [16] .
Ethical clearance was obtained from the local ethical committee [Institute Ethics Committee (human studies)].
Statistical analysis
Various demographic and clinical parameters were tabulated and entered into IBM SPSS-statistics 20. Summary statistics are reported as median and range for continuous variables and frequencies and percentages for categorical variables. Association of the categorical variables were analyzed using Chi square test or Fisher Exact test.
Results
We had recorded 225 video EEGs during the study period of which 65 patients were diagnosed to have PNES. We excluded 11 patients due to inadequate clinical and VEM data. Rest of the 54 patients were included in the study. Forty three (79.6%) patients were females. Median age of these patients was 21 years (range 11-65 years). Thirty one (57.4%) patients were adults. Associated epileptic seizures were present in 6(11.1%) patients and a history of seizures in a close family member was present in 8(14.8%) patients. Another 6(11.1%) patients had witnessed at least one seizure in their life. Delay in diagnosis and there for the duration of PNES ranged from 10 days to 6 years.
Using Hubsch et al. classification system, we could initially classify 42(77.77%) patients without modifying the defining criteria of the groups. Three (5.6%) patients had Dystonic attack with primitive gestural activity, one patient (1.9%) had paucikinetic attack, 17(31.5%) patients had pseudosyncope, 13(24.1%)patients had hyperkinetic type and 8(14.8%) patients had axial dystonic type of PNES. Twelve patients (22.22%) remained unclassified at this stage of analysis. Of these patients 4(7.4%) had PNES similar to Hubsch's pseudosyncope group, the only difference being presence of hyperventilation in our patients. Four (7.4%) patients had PNES similar to paucikinetic attacks. These episodes differed from the original description of paucikinetic attacks by the lack of responsiveness during the attacks and the presence of low amplitude clonic movements in place of tremors. One (1.9%) patient had PNES similar to hyperkinetic attack of Hubsch's group. In addition to the hyperventilation and movements of the limbs, this patient had jerky and side to side rolling movements of the whole body including trunk.
To accommodate these differences we made minor modifications in the Hubsch's group definitions, as suggested below. These modifications were based on the comparison with other classification systems (Table 1) . Finally we could classify 94.4% patients and only 3(5.6%) patients could not be classified by this system. Class 1 -dystonic attacks with primitive gestural activities. Class 2 -paucikinetic attacks with or without preserved responsiveness. Class 3 -pseudosyncope with or without hyperventilation. Class 4 -hyperkinetic prolonged attacks with hyperventilation, involvement of limbs and/or trunk. Class 5 -axial dystonic attacks. Class 6 -unclassified type.
The distribution of patients in the modified groups is given in Fig. 1 . The distribution of groups among adults and pediatric patients were not significantly different. No significant association between sex and a particular group of PNES could be demonstrated. None of our patients reported symptoms suggestive of aura. Hyperventilation was present in 25(46.3%), eye closure during the attack in 46(85.2%) and responsiveness during the episodes in 7(13%) patients. The group characteristics of PNES patients are presented in Table 2 .
During the attacks we could record alpha rhythm in 42(77.8%) patients mixed with artifacts. In the remaining patients EEG trace was dominated by the muscle artifacts during the ictus with no evidence of ictal rhythms. In all these patients EEG returned to normal alpha rhythm soon after the ictus without any post ictal slowing.
Discussion
Applying the classification system proposed by Hubsch et al. we could initially classify 77.77% of PNES patients. With minor modifications in this classification system, we could classify 94.4% patients. Our study demonstrates that there exists some kind of pattern consistency of semiology among patients of PNES across the countries and culture.
Although different authors have used different nomenclatures to classify PNES, similarity of groups across the studies has already been pointed out by many of them [13] [14] [15] . While reviewing these studies we found that the semiologic features that were preventing us from classifying the PNES patients to a particular Hubsch group were actually present in the corresponding groups of other classification systems (Table 1) .
Dystonic attacks with primitive gestural activity (class 1) was a new group proposed by Hubsch et al. consisting of 31.6% of their patients [15] . In our series, this group constituted only 5.6% of patients. We did not have to make any modification for this group characteristic.
Paucikinetic group described by Hubsch et al. was very similar to ''rhythmic motor'', ''trembling'' and ''minor motor seizures'' described previously [13, 14] . 96.6%of the patients in the group described by Hubsch et al. were responsive during the ictus. Hence he suggested the term paucikinetic attack with preserved responsiveness. It is to be noted that even in his series, 3.4% patients belonging to this group were unresponsive. In our series, 80% patients with paucikinetic attack were unresponsive to the external stimuli during the ictus. 83% patients in ''rhythmic motor'' group described by Seneviratne et al. were also unresponsive [14] ( Table 1) . Based on these observations we modified the group to ''Paucikinetic attacks with or without preserved responsiveness''(class 2). The group we described as pseudosyncope with or without hyperventilation (class 3) was similar to ''pseudosyncope'' by Hubsch et al. ''Swoons'' described by Van Merode et al. and Betts and Boden ''psychogenic pseudosyncope'' by Benbadis and Chichkova and ''dialeptic PNES'' by Seneviratne et al. [12, 14, 15, 17, 18] . None of the patients in the pseudosyncope group by Hubsch et al. had hyperventilation. 19% patients of our group and 16% patients of ''dialeptic PNES'' group had hyperventilation [14] . Although Hubsch et al. do not suggest to exclude the patients on the basis of hyperventilation, we thought that it was important to mention this feature in the criteria as it is a prominent and well described semiologic characteristic of PNES. Hence we decided to add the feature of hyperventilation to the pseudosyncope group.
Hyperkinetic attacks of Hubsch et al. series were similar to previously described psychogenic motor seizures and hyper motor seizures [13, 14] . Hubsch et al. describe semiology of this group as ''abnormal movements of fluctuating intensity and various types, involving the limbs and head but sparing the trunk''. Some of our patients in the hyperkinetic group had involvement of trunk. A similar observation was made by Seneviratne et al. in their ''hypermotor'' seizures. So we modified the group to ''Hyperkinetic prolonged attacks with hyperventilation, involvement of limbs and/or trunk'' (class 4) to include patients with movements of trunk in addition to limbs. 78% of our patients in this group had hyperventilation. Axial dystonic type PNES (class 5) in our and Hubsch et al. groups was similar to complex motor type of PNES described by Seneviratne et al. [14, 15] One of our patients Table 1 Comparison of different PNES classification system.
Grö ppel et al. [13] Szabó et al. [16] Seneviratne et al. [14] Hubsch et al. [15] Present study Non epileptic aura Non epileptic aura belonging to this group had flexion of the trunk in addition to the truncal extension movements. No modification was made to this group. Three (5.6%) patients could not be classified by this system in spite of modifications and we kept them in unclassified group (class 6). Our patient group was similar to that of Hubsch et al. and Seneviratne et al. except for a higher prevalence of pseudosyncope and hyperkinetic episodes [14, 15] . Nearly 80% of our patients were females and 11.1% patients had associated epileptic seizures as in previous studies [1, [19] [20] [21] [22] . Sexual differences did not account for a particular type of PNES as described by previous studies [17] . The factors like the social, ethnical and cultural differences in study populations might have contributed to the relative difference in the distribution of the cases.
Compared to the other studies we have similar or more number of patients. We had recorded single episode per patient, as our intention was not to prove the pattern consistency of semiology in the same patient but among different patients. The retrospective nature of the study is a limitation where there is an inherent risk of losing some medical data and having inadequate VEM data. We had to exclude 11 patients because of these reasons. However our study concentrated on semiologic characteristics which could easily be recovered from the VEM data in majority of our patients. There is a subjectivity involved in the interpretation of the semiology and comparing it with the previous study. This was mitigated by watching the videos multiple times by 2 different epileptologists together and reaching into a consensus for each record. Another limitation of our study is that it has not taken into account some of the subjective phenomenon like seizure warning and experiences like panic. However none of our patients had subjective experiences as the main manifestation of their seizures.
Conclusion
Our study demonstrates that the Hubsch's classification with minor modifications is useful and adequate to classify PNES 
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